(BHP), which induces tumors in multiple organs in rodents Komakado, Gotemba, Shizuoka 412-0038, Japan (19, 20) , is documented. 3 To whom correspondence should be addressed
Parp-1 -/-mice with a mixed genetic background of ICR Email: mmasutan@gan2.ncc.go.jp and 129Sv, generated by disrupting Parp-1 exon 1 though The involvement of poly(ADP-ribose) polymerase-1 insertion of a neomycin resistance gene cassette as described (Parp-1), one of the poly(ADP-ribose) polymerase family previously (21) , were used in this study. Sufficient Parp-1 -/-proteins, in genomic stability, DNA repair and cell death and Parp-1 ϩ/ϩ animals were obtained by line breeding. A total triggered by DNA damage has been well documented.
of 60 male mice aged 6-7 weeks, 30 each of the Parp-1 -/-However, the potential role of Parp-1 in carcinogenesis has
and Parp-1 ϩ/ϩ lines, were then divided into six equal groups. not been well evaluated. In this study the carcinogenic Groups 1-3 were Parp-1 -/-mice which received 0, 250 and activity of N-nitrosobis(2-hydroxypropyl)amine (BHP) was 500 p.p.m. BHP in their drinking water, respectively, for 20 studied in Parp-1 -/-mice, generated by disrupting Parp-1 weeks, while groups 4-6 were Parp-1 ϩ/ϩ mice given the same gene exon 1. Parp-1 -/-and Parp-1 ⍣/⍣ male mice received doses for the same period. Water containing BHP and a basal 0, 250 and 500 p.p.m. BHP in their drinking water for diet were available ad libitum and intake was measured once 20 weeks and were then killed. The percentage of animals a week. All mice were killed and completely autopsied at bearing hemangiomas and hemangiosarcomas in the liver 20 weeks. Tumors were processed for routine histological and numbers of tumors per mouse were markedly higher examination. The incidence of liver tumors was determined in the Parp-1 -/-groups given 250 or 500 p.p.m. BHP macroscopically after cutting the whole livers into slices of than in their Parp-1 ⍣/⍣ counterparts. Hemangiosarcomas~5 mm thickness. The χ 2 and Student's t-tests were performed developed only in Parp-1 -/-mice. In the lung the numbers to compare data for incidences and numbers of liver and lung of adenomas per mouse were increased in Parp-1 -/-mice tumorous lesions in mice, respectively. given BHP at 250 and 500 p.p.m. (P < 0.01) compared with
The doses of BHP were determined, on the basis of a the Parp-1 ⍣/⍣ case. The results show that susceptibility subacute toxicity study, as those not causing a body weight to BHP is significantly elevated in Parp-1 -/-mice, thus decrease. The total BHP intakes per Parp-1 -/-mouse given 0, providing direct evidence that Parp-1 is relevant to carcino-250 and 500 p.p.m. were 0, 162.5 and 235.7 mg, respectively, genesis.
and those per Parp-1 ϩ/ϩ mouse were 0, 179.0 and 239.6 mg, respectively. Final body, liver and lung weights relative to final body weights did not significantly differ among Parp-1 -/-and Parp-1 ϩ/ϩ mice receiving 0, 250 and 500 p.p.m. BHP. Poly(ADP-ribose) polymerase (Parp) catalyzes the transfer of Data for incidences and numbers of tumorous lesions in the ADP-ribose units to various acceptor proteins, including the liver after BHP administration are summarized in Table I . enzyme itself, resulting in the synthesis of poly(ADP-ribose) from nicotinamide adenine dinucleotide (1,2). Parp-1 is a
Neither Parp-1 -/-nor Parp-1 ϩ/ϩ mice which received 0 p.p.m. nuclear enzyme comprising N-terminal DNA-binding, BHP showed any spontaneous tumor development in this automodification and C-terminal catalytic domains and is experimental period (groups 1 and 4, respectively). Hemanactivated by DNA strand breaks. The existence of other Parp giomas developed in Parp-1 ϩ/ϩ mice that received 500 p.p.m. family proteins (3), including tankyrase (4), PARP-2 (5,6), BHP at a low incidence and number and in Parp-1 -/-mice PARP-3 (5) and VPARP (7), has recently been reported. Parpthat received 250 and 500 p.p.m. BHP at a markedly higher 1 knockout cells and mice are sensitive to DNA-damaging incidence and number. In addition, hemangiosarcomas were only agents, including alkylating agents (8,9) and γ-irradiation observed in Parp-1 -/-mice that received 250 and 500 p.p.m. (8-10), but are resistant to oxidative stress-induced cell death BHP. Metastases from one such lesion were found in the lung of (11-13). Parp-1 -/-mice also show enhanced genomic a Parp-1 -/-mouse that received 500 p.p.m. BHP. instability and high frequencies of chromosome aberrations,
In the lungs of Parp-1 -/-and Parp-1 ϩ/ϩ mice given BHP sister chromatid exchanges and telomere shortening alveolar hyperplasias, adenomas and adenocarcinomas were (8,10,14,15). Both gate-keeper and caretaker functions (16) observed. The incidences of mice bearing lung tumors in Parp-1 -/-and Parp-1 ϩ/ϩ mice at 250 p.p.m. were 5/9 and 5/8, respectively, with no significant difference. However, the incidence in M.Tsutsumi et al. through nucleotide excision repair. The elevated susceptibility
